Lake Steinsfjorden is the most important noble crayfish locality in Norway. The crayfish population has been monitored annually since 1979 including data on total trapping effort, yield and population composition before and after the catching season.
INTRODUCTION
Noble crayfish (Astacus astacus) has for a long period been subjected to exploitation due to its reputation as a delicacy and the species fetch high prices in the market. In suitable localities the yield is high and combined with the high prices noble crayfish is regarded as the most valuable resource. However due to crayfish plague and human alteration of the habitat, both the numbers of populations and the yield has declined rapidly by more than 95% during a period of nearly 150 years (SKURDAL and TAUGBØL, 2001 ). Noble crayfish is recognised as vulnerable by the EU Habitat Directive and is a species that needs special management schemes. The species is also included in international (IUCN, 1996) and national (DN, 1999) red lists. This implies that the management of noble crayfish needs to consider carefully the balance between conservation and utilisation.
The legislation varies between countries and this variation partly reflects differences in crayfish catching traditions (WESTMAN, 1991; SKURDAL et al., 1999; SKURDAL and TAUGBØL, 2001 ). In the Nordic countries the minimum legal size as well as season have been discussed (WESTMAN, 1991; HUNER et al., 1991 HUNER et al., , 1992 resulting in a fishery without national season or size restrictions in both Finland and Sweden. However there are a number of local regulations. Most of the harvested crayfish populations in Europe are managed through a variety of direct and indirect regulations of which various minimum sizes and catching seasons are the most important (WESTMAN et al., 1990; SKURDAL and TAUGBØL, 1994a) . The legal catching season for noble crayfish varies considerably, and may last from two weeks to several months and also differ between males and females (WESTMAN et al., 1990; TAUGBØL, 1994a, 2001) . Regulations for crayfish catching have been disputed lately and both the necessity of regulations and the types of regulations have been questioned (HUNER et al., 1991; MOMOT, 1991; WESTMAN, 1991; ERKAMO et al., 1992; MOMOT, 1992; SKURDAL and TAUGBØL, 1994a, b) .
The authors started to monitor the noble crayfish population in Lake Steinsfjorden in 1979. Based on the monitoring programme we now have a time series of 23 years, which include data such as total trapping effort, yield and population composition. During the study period, the regulations have been changed four times. This allows us to evaluate the long-term effects of the harvest regime on the crayfish population. Despite the fact that crayfish have been exploited for centuries in Europe and the considerable commercial interest, little is known about optimal management of wild populations and published data gives conflicting results and recommendations regarding harvest strategies and the need for regulations (WESTMAN, 1991 (WESTMAN, , 1992 FISKERIVERKET, 1993 FISKERIVERKET, , 1998 . Based on the long and continuous record of crayfish in Lake Steinsfjorden, we here discuss different management strategies for noble crayfish and aim to give some general recommendations for the future management of harvestable stocks of noble crayfish in Europe.
LAKE STEINSFJORDEN AND THE CRAYFISH FISHERY
Lake Steinsfjorden is located in south-eastern Norway and has an area of 13.9 km 2 , max. depth of 22.6 m and a mean depth of 10.2 m (Figure 1 ). The lake is mesotrophic (10-12 µg phosphorus.l -1 ), well buffered (10-15 mg Ca.l -1 , pH = 7.2-9.3) and the stony bottom substrate provide good shelter for all size groups of crayfish in the littoral zone (SKURDAL et al., 1992 (SKURDAL et al., , 1993 SKURDAL and TAUGBØL, 1994b) . Noble crayfish were introduced in the 1850s (HUITFELDT-KAAS, 1918 ). Since the turn of the century the crayfish population has been intensively exploited (HUITFELDT-KAAS, 1914; LUND, 1944) . Lake Steinsfjorden is the most important crayfish locality in Norway, and accounts for some 25% of total harvest in our country (TAUGBØL and ERIKSEN, 1991) . In 1977, Canadian pondweed, Elodea canadensis, was for the first time observed in the lake. Over the following years, the pondweed established dense covers over large parts of the shallow areas. The crayfish were gradually excluded from areas covered by Elodea and fishermen also avoided these areas. Direct observations by test-fishing and diving confirmed the absence of crayfish in these formerly densely populated areas (HESSEN et al., in prep.) . According to the authors observations the littoral zone was not negatively affected by pondweed prior to 1980.
The crayfish are mainly caught in baited, single funnel entrance traps constructed by local fishermen. The fishery is not licensed, and has high recreational and economical importance. The most active fishermen used some 400-600 traps each until 1998 when 300 traps became the upper limit for individual fishermen. In addition many visit the lake to trap crayfish a night or two for recreation. Exploitation increased rapidly during the 1970s as local fishermen used more traps and as the lake became popular among fishermen from other areas. The number of fishermen in 1990 was estimated to 400-500 (TAUGBØL and ERIKSEN, 1991) .
Legal sized noble crayfish moult once or twice annually. The first moult is in mid-late July and the second in late August or early September. The second moult involves most males and the maturing females. Mean length increment per moult is 7.8 mm for females and 9 mm for males (SKURDAL and QVENILD, 1986) . Females mature in the size interval 71-95 mm TL (SKURDAL and TAUGBØL, 1994a, b) . Bull. Fr. Pêche Piscic. (2002) 367 : 845-860 
Figure 1
Map of Lake Steinsfjorden, SE Norway with depth contours.
Cartographie du lac Steinsfjorden (SE de la Norvège) avec les courbes bathymétriques en mètres.
The harvest regulations have been changed five times during the study period (Table I ). The last change in legal season occurred in 1998, when the maximum number of traps per fisherman was set to 300. In 1995, the legal season was reduced to 10 days with 16 August as the closing date. When the study started in 1979 the legal season lasted 146 days from 7 August to 31 December, the minimum legal size limit was 95 mm TL and the minimum trap mesh size was 17.5 mm (knot to knot). The new national regulations introduced in 1981 included the following changes; the legal season was reduced and lasted from 6 August at 18.00 to 15 September and minimum trap mesh size was increased to 21 mm (knot to knot) (in Lake Steinsfjorden this regulation was delayed to 1983). From 1989 the fishing season in Lake Steinsfjorden was limited to two weeks with 21 August as closing date. In 1997 the crayfish season was delayed two days due to poisonous algae and to test whether this influenced the crayfish meat.
Table I
Overview of the crayfish harvest legislation in Lake Steinsfjorden during the study period 1979-2000.
Tableau I Evolution de la législation pour la capture des écrevisses du lac Steinsfjorden au cours de la période 1979-2000.
MATERIAL AND METHODS
Total trap effort is measured each season by two observers in a speedboat, based on 3-10 counts of traps during the catching season (SKURDAL et al., 1993) (Table II) . Daily trap effort was determined assuming a constant daily reduction in trap effort between counts. Catch statistics (date, number of traps, number and total weight of legal sized crayfish) were collected from local fishermen representing a yearly trap effort of 2 331-15 512 trap nights or some 2.5-10% of the total effort. Based on an individual weight of 30 g at a length of 96 mm TL, there are approximately 33.5 legal sized crayfish.kg -1 . The current first hand value of noble crayfish is some 250-350 NOK.kg -1 (32.22-45.11 EUR.kg -1 ). The traps of local fishermen reporting their catches were distributed in most of the lake and, therefore, accepted as representative estimates of total effort. Based on the catch statistics and the trap registrations we estimated total trap effort and yield (see SKURDAL et al., 1993) . Due to the unusual cold spring and the delayed moulting in 1987 we were unable to produce reliable estimates for this single year.
Crayfish in the 1-10 m depth interval were sampled annually in the same area in preand post-season test fishing with baited individually set, one-funnel traps (SKURDAL et al., 1988 (SKURDAL et al., , 1993 . In total, 22 951 crayfish were caught in baited traps in the pre-season test fishing (29 July-6 August) 1980-2000, and 9 558 crayfish in the post-season test fishing (20 September-27 October) 1981-2000 (Table III) . Trap effort ranged 44-150 in the pre-and 50-110 trap nights in the post-season test fishing, respectively. Catch per unit effort (CPUE) is expressed as individuals/trap night. Total length (TL), sex and stage of maturity of females were recorded. Bull. Fr. Pêche Piscic. (2002) Table II  The yield of noble 
RESULTS

Trap effort
Crayfish trapping is very popular and on the opening night, we have registered from 8 200-24 400 traps, representing 6.0-17.9% of the total seasonal trap effort. The numbers of traps decrease rapidly, however, as the legal season has been reduced the development in daily trap effort has changed somewhat ( Figure 2 ). Until 1989, the typical pattern was a rapid decline in trap number during the first week or two, then in late August or early September, trap effort increased slightly for a short period concurrently with the second moult, and thereafter trap effort again decreased. In connection with the second moult the Bull. Fr. Pêche Piscic. (2002) catchability for the crayfish increased and also crayfish in the size interval 85-94 mm grew above the minimum size limit. However, when the season was reduced first to 14 days in 1989 and then to 10 days in 1995 the season closed before the second moult. The number of traps has therefore decreased throughout the catching season in the period after 1989. We must however point out that the pattern of decrease is influenced by our registration method. Trap number is registered 3-10 times during the season and is assumed to increase or decrease steadily between registrations, however the overall pattern is reflected with this method.
At least 50% of the total trap effort took place within the first 8-14 days prior to 1989, when the season lasted until September 15. After the reduction in season in 1989, more than 50% of total trap effort took place within the first 4-6 days. When the season was reduced from 39 to 14 days the decrease in number of traps was substantial (Figure 2 ). In the period 1989-2000 the trap effort decreased steadily during the legal season. Crayfish moulting in late August and growing larger than the legal size are not exploited as a result of the reduction of the season. -1 for the whole lake area or 260 trap nights.ha -1 for the littoral zone. In 1989 the season was reduced to 14 days and the total trap effort was reduced by 42% compared to 1988. However the number of traps started to increase again and by 1993 the total trap effort had increased by 40%. The season was then reduced to 10 days and trap effort was reduced to less than 100 000 trap nights. However one must also account for the invasion of pondweed. Stands of pondweed now cover some 50% of the shallow areas of the lake. Thus even if the total trap number has been reduced, the density of traps in areas without Elodea has not changed much. In some areas, the number of traps has even increased. Bull. Fr. Pêche Piscic. (2002) 
Yield
The catch is highest during the first few days of the season due to a combination of high trap effort and catchability. During the first five days of the season CPUE usually is reduced by 50% and also the trap effort may be reduced by 50%. Even in the period prior to 1989 more than 50% of the total catch were harvested within 5 days (Figure 3) . However the shorter season implies that the total harvest is reduced. How much is not easy to interpret but maybe at least 25-30%. The annual yield of noble crayfish in Lake Steinsfjorden has varied between 30 100-215 500 crayfish in the period 1979-2000 (Table II, Figure 4 ). The total yield corresponds to 0.7-4.7 kg.ha -1 total lake area or 1.4-9.4 kg.ha -1 for the 0-10 metre depth interval. Yield decreased in the periods 1980-1982 and 1986-1989 . Since 1994 the yield seems to have stabilised at some 1.4 kg.ha -1 . The yield was only 0.7 kg.ha -1 in 1997, however this year the crayfish season was delayed 2 days and only lasted for 8 days.
CPUE in pre-and post-season test fishing
Pre-season test fishing CPUE has varied between 4.5-22.9 and post-season CPUE between 1.5-10.9 (Table III, Figure 5 ). Pre-season CPUE decreased steadily from 1980 until 1990. CPUE was low in the period 1990-1993, thereafter it increased until 1993 and then the CPUE has stabilized at a level of 10-13 crayfish per trap night over the last 7 years. Post-season test fishing CPUE yielded on average 5 individuals until 1988. The low post-season CPUE did apparently reflect a heavy exploitation and it seems that the crayfish population was reduced to the same level after each catching season. The variation in yield between years thus reflected variations in population size between years. 
Population development
The size composition in pre-and post season trap catches has varied and the fraction of legal sized crayfish in pre-season catches has ranged 16.2-72.6% and in postseason catches 5.0-43.5% (Figure 6 ). Due to a cold summer, and thus unusual late moulting in 1987, the fraction of legal sized crayfish was only 7.7% in pre-season catches. During the last few years the fraction of legal sized crayfish seems to have to stabilised at about 40% in pre-season catches and 20% in post-season catches. However year class strength and growth influence the fraction of legal sized crayfish as well as the fishery. The combination of rather high post-season CPUE and stable fraction of legal sized crayfish indicate that the recruitment is fairly good. Since the fraction of legal sized crayfish in postseason catches have stabilised at approximately 20% and the CPUE is high in the postseason test fishing it seems like the harvest is moderated by the current legislation and that population can sustain the current fishing pressure. Bull. Fr. Pêche Piscic. (2002) 
DISCUSSION
Fisheries have been regulated on the basis of politics, economics, social pressure, gear competition, prejudice, and whim, and sometimes for biological reasons. Emotions run high at hearings to discuss fishing regulations and crayfish fisheries are no exception. Noble crayfish regulations have been discussed by authorities, the public and scholars in recent year in Scandinavia (HUNER et al., 1991; MOMOT, 1991; WESTMAN, 1991; ERKAMO et al., 1992; MOMOT, 1992; SKURDAL and TAUGBØL, 1994a, b) . The discussion includes a large variety of views and opinions, however the views are not strongly supported by data on effects of exploitations of noble crayfish or other Europeans species. The lack of scientific data on crayfish exploitation is surprising given the considerable interest for catching crayfish during several centuries.
Stocks of noble crayfish Astacus astacus are frequently heavily exploited in Scandinavia and thus it is necessary to develop a management tool that can control the exploitation. Exploitation of natural populations can be modified in two ways: (1) the total quantity harvested can be reduced or limited, or (2) the catch can be taken from a selected portion of the population (or selected portions of the population can be protected against capture) (EVERHART and YOUNGS, 1981) . A limitation or reduction of the total catch is achieved by a limitation of the efficiency of the individual harvest units, limitation of harvest units or a limitation on the total quantity that can be captured (quota). Regulations designed to protect selected portions of the population may or may not result in overall reduction in catch. Such regulations include restrictions or modifications on the gear used to reduce catch of sizes or groups desired to protect; restriction of season, or restriction of size or sex. Often the term direct and indirect regulations are also used to describe various harvest regulations. In a crayfish fishery direct regulations include restrictions on number of crayfish per fisherman, day or license, and this type of regulation is well known among anglers (bag limits) and various types of commercial fisheries (quotas). Other direct regulations are size and sex restrictions. Frequently used indirect regulation methods include catch season, legal catching methods or equipment, mesh size and effort restrictions (number of traps and number of fishermen). Catching crayfish differs from most harvesting of natural species since all crayfish are caught alive and the catch may be sorted according to size or sex and even maturity if necessary. Mortality of crayfish released after being caught is probably very low if properly handled. Complex regulations including protection of selected portions of the populations are possible. However control and enforcement is a general problem in these types of regulations. Thus the favourable management scheme has to fulfil a number of requirements such as being easy to understand and accept among the various user groups, easy to control, give necessary protection to the stock as well as allowing optimal harvest. Any management scheme for crayfish therefore has to consider both biological and social issues in order to be successful (Figure 7) .
The challenge for the authorities regarding the regulations in the Lake Steinsfjorden crayfish fishery has been to develop a management system, which does not imply restrictions on the number of fishermen or depends on resource-demanding control. The fishery in Lake Steinsfjorden is very special, since the Court, back in 1758 established access to the fishery for every Norwegian. The regulation of the fishery is thus the sole responsibility of the federal authorities, not including the landowners around the lake, which is the "normal" situation in Norwegian watercourses. The federal authorities have specific requirements for the regulations in the lake. The regulations were discussed in local hearings and it was important that the regulations were understood and accepted among local fishermen. The last change occurred in 1995, when the legal season was reduced to 10 days with 16 August as the closing date. When the study started in 1979 the legal season lasted 146 days from 7 August to 31 December, the minimum legal size limit was 95 mm TL and the minimum trap mesh size was 17.5 mm (knot to knot). The new national regulations introduced in 1981 included the following changes: the legal season was reduced and lasted from 6 August at 18.00 to 15 September, and minimum trap mesh size Bull. Fr. Pêche Piscic. (2002) 367 : 845-860 was increased to 21 mm (knot to knot) (in Lake Steinsfjorden this regulation was delayed to 1983). From 1989 the fishing season in Lake Steinsfjorden was limited to two weeks with 21 August as closing date. Thus, the schemes of regulations, which have evolved in Lake Steinsfjorden during the study period, include a combination of a minimum size of 95 mm total length and a short season. In addition the legal mesh size has increased from 17.5 mm to 21 mm. The minimum size is a national regulation, which has been in operation for decades whereas the season is adapted specifically for the fishery in Lake Steinsfjorden during the study period.
Figure 7
The management of noble crayfish has to consider both biological issues such as recruitment, growth and mortality, and social issues such as tradition for crayfish catching, preferences among the fishermen, ownership, economy, legislation, control and knowledge.
La gestion de l'écrevisse à pattes rouges doit prendre en compte les aspects biologiques tels que le recrutement, la croissance et les mortalités, mais aussi les aspects sociaux tels que la tradition de la pêche à l'écrevisse, les préférences des pêcheurs, le droit de propriété, l'économie, la législation, le contrôle et l'information.
The regulation in Lake Steinsfjorden is a combination of direct and indirect regulation with seasonal and size restrictions as the main practices. Seasonal restriction is an indirect method aimed at reducing total level of exploitation through a limitation in total trap effort. Minimum size is a direct method and crayfish smaller than 95 mm total length have to be released immediately. Control is easy to perform for the season restriction, however when it comes to minimum size control it is rather difficult and laborious. Bull. Fr. Pêche Piscic. (2002) The minimum size is set to ensure that females mature at least once before being caught. Size at maturity varies among localities (SKURDAL and TAUGBØL, 1994a, b) and minimum size should preferably be adapted to the specific locality. In Lake Steinsfjorden, mean size of females is in the catch range 83-89 mm TL whereas the mean size of mature females is 83-87 mm TL (SKURDAL and TAUGBØL, 1994a) . If there were no size restrictions baited traps obviously represent a potential for recruitment overfishing (RICKER, 1975; MOMOT, 1991) . The fishermen's trap catches include approximately 75% non-legal crayfish (SKURDAL et al., 1995) . All fishermen unfortunately do not strictly follow the size restrictions. Catching of non-legal crayfish has been a major problem in Lake Steinsfjorden and it is not possible to control the size limit with the current resources. The experience is that even though many fishermen strictly follow the regulations the minimum size is violated by many, however it seems like this problem have been reduced in later years. Some consume non-legal sized crayfish themselves but the main problem has been small crayfish being transplanted to other areas were the fishermen have more exclusive access. Season restrictions were therefore also included to reduce the total exploitation of the crayfish stock. The regulations are thus a combination of direct and indirect regulations. The direct regulations, i.e. legal size, are very difficult to control whereas the indirect regulations, i.e. legal season, are easily controlled. Another benefit derived from the short season is that males moult twice between catching seasons, and females in the size interval 87-94 mm moult and become mature before being subjected to trapping. Mean length increment per moult for adult crayfish is 7.8 mm for females and 9 mm for males (SKURDAL and QVENILD, 1986) . This means that males may grow 18 mm between seasons and this corresponds to a weight increase of approximately 35% for legal sized crayfish (SKURDAL et al., 1991) .
The invasion of pondweed obviously has greatly impacted the distribution and population size of crayfish and the crayfish harvest and may obscure interpretations of the data. Possibly the reduction in yield from 4.4 to 2.4 tonnes may be explained by pondweed now forming dense stands in approximately 50% of the 0-10 m depth interval (RØRSLETT et al., 1986; SKURDAL and QVENILD, 1989) . Areas with dense Elodea stands are apparently completely avoided and the crayfish production in these areas are substantially reduced.
Our data from the monitoring program reveal large annual variations in trap effort and yield in the fishery, and also in CPUE and size composition in pre-and post-season test fishing. The variations are obviously connected to the exploitation of the crayfish, and during the study period total trap effort has varied by a factor of approximately four.
To conclude, so far we have learned that a combination of the national minimum size of 95 mm TL and the short season have been successful in Lake Steinsfjorden. The short season is very easy to control. The management scheme protects berried females and allows females to spawn at least once before being caught. Males may moult twice between legal seasons. There is no need to limit number of fishermen or number of traps per fisherman more than the current limit of 300 traps per fisherman. The yield has increased somewhat after the introduction of new regulations with a short season and seems to have stabilised at approximately 1.4 kg.ha -1 corresponding to a total annual yield of 2 000 kg. Regulation of crayfish fishery is not only a question of optimal harvest in terms of numbers of crayfish, it is also a question of economic yield. Present regulations increased yield both in number and quality, i.e. size. The current management scheme has increased the fraction of large sized crayfish and also the mean size of these. The current harvest corresponds to a first hand value of some NOK 500 000-750 000. The story of Lake Steinsfjorden also illustrates the usefulness of an annual low budget monitoring system. Due to the data from the annual programme local fishermen have accepted the changes in legislation and we have been able to develop a management scheme that works well for both the fishermen and the crayfish.
